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Description 

[0001 1 This invention relates to a method of producing thtn-fflm CMOS inverter circuit and to a method of producing 
the active matrix substrate of an active matrix liquid crystal display device having the inverter circuit as a peripheral 

5 drive circuit and which also includes an active matrix c&spiay portion having PMOS transistor pixel switches. 

[0002] With the recent rapid progress of semiconductor technology, there has been a demand for smaller, high- 
speed and emal l-power consumption semiconductor devices and apparatuses using such devices. The development of 
axrptementary MOS (CMOS) inverters using P-charvtet and N-channeJ enhancement type MOS field effect transistors 
(FET) as load and inverter devices among such apparatuses is becng further promoted because the power consumption 

10 of this type of inverter is very small, although a complicated manufacturing process is required. 

[0003] Thin film transistor alkxvon-insUator complementary MOS circuits and methods tor producing the same, 
are disclosed, for example, in each of the following publications (hereinafter referred to as publications (1) to (5)): 

1. K. Anzai. et al t fabrication of high speed 1 micron FIFOS/CMOS'. In EDM Technical Digest PP 796-799. 1984; 
is 2. AJ. Auberton Herve. et al. "Device performances of a submrcron SOI technology", in 1EDM Technical Digest PP 
808-811.1984; 

3. B-Y Tsaur, et al, "Merged CMOS Bipolar Technologies and Microwave MESFETs utftsing zone-rnelting-recrys- 
taiTtsed SOI films", in EDM Technical Digest, pp 812-615, 1984; 

4. K. Hashimoto, et al. "Characteristics of subrnicrorneter CMOS tran s is to r s in irnptanted-buried-oxide SOI films". 
20 in EDM Technical Digest, pp 672-675, 1 985; and 

5. H. Onoda. et al, "Si-gate CMOS devices on a Si/CaF^ structure", in EDM Technical Digest, pp 680-683. 1985. 

[0004] In particular, publication (4) risdoses PMOS and NMOS thin Mm SOI transistors produced by implanting 
oxygen ions. As descrfoed therein oxygen ions were implanted with a do6e of 2x1 0 1 8 cm* 2 and energies of 150 - 180 
25 keV, and this was followed by anneal treatment An implanted buried oxide layer of thickness 400nm was produced by 
this means. 

[0005] By comparison, publication (1) discloses production of CMOS inverters using oxidised porous si icon as 
means of the SOI insulation. An insulation layer of thickness 8pm is reported therein. This is stated to suppress back 
channel leakage current for the NMOS transistors. A low Junction leakage level of 1x10* 12 A was achieved. 

so 10006] Publication (2) discloses CMOS ring oscillator manufacture using an SOI substrate on which the active Si 
layer was formed by laser zone-merting recrystaJlteation of Si deposited on an oxide layer on the surface of a Si monoc- 
rystailine bulk substrate. In the construction produced a back interface leakage event for NMOS transistors as low as 
0.2 pA/charmel width was achieved with an oxide layer of thickness 200 nm. This document identifies back-gate para- 
sitic transistors in which the channels are coupled to the monocrystaHine bufc substrate with instated gate. 

35 (0007] Fig. 1(a) shows an example of a CMOS inverter in section. A transistor 16 is an NMOS transistor while a 
transistor 1 7 is a PMOS transistor. The transistors 16 and 17 are formed on a substrate whfle being insulated by a base 
insulation layer 2 and separated from each other by SiOg 3. The MOS transistor 16 is constituted of an N* drain 5. a P- 
channef region 10. an N-type field limiting regions 12, 12*, a gate insulation film 8. a gate electrode 9, a source electrode 
14. and a drain electrode 15. The gate electrode is ordinarily formed of a pofycrystaiiine Si, and the source and drain 

40 electrodes are formed of Al. 

[0008] The PMOS transistor 17 is constituted of a P* drain 6. a P* source 7, N-charmel region 11, a P-type field 
limiting regions 13, 13', a gate insulation film 8', a gate electrode 9', a source electrode 14', and a drain electrode 15'. 
[0009] Fig. 1(b) is an equivalent circuit diagram of the above-described CMOS inverter. As illustrated, the chain 
electrode 15 of the NMOS transistor 16 and the drain electrode 1S of the PMOS transistor 17 are connected to a com- 

46 mon oirtput electrode. An output voltage at this output electrode is represented by The source electrode 14 of the 
NMOS transistor 16 is connected to a low-voltage power supply, whfe the source electrode 14* of the PMOS transistor 
17 is connected to a high-voltage power supply. The voltages of these power supplies are represented by and V Dr> 
The substrate 1 forms gate electrodes of parasitic MOS transistors with respect to the NMOS transistor 16 and the 
PMOS transistor 1 7. That is, a parasitic PMOS transistor having a gate insulation layer corresponding to the base insu- 

so lation layer 2, a channel region corresponding to the region 1 1 . and a source and a drain corresponding to the drain 6 
and the source 7 is formed, while a parasitic NMOS transistor having a gate insulation layer corresponding to the base 
insulation layer 2, a channel region corresponding to the region 10, and a source and a drain corresponding to the 
source 4 and the drain 5 is formed. in Fig. 1 (b) represents a voltage input to these parasitic CMOS transistors. 
[0010] Rg. 9 shows input-output characteristics of a conventional CMOS inverter. In the case of conventional 

55 CMOS inverters, it is difficult to increase the absolute value of threshold voltages of parasitic MOS transistors. If the 
threshold values of the parasitic NMOS and PMOS transistors are and respectively. 

v t*n ' v tt*p (toe threshold value of the PMOS transistor being ordinariy negative) > V 00 - . 
[0011] With respect to any value of V^. the parasitic NMOS or PMOS transistor can operate. As shown in Rg. 9. 
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in the case where becomes closer to Vgp when is about zero, the parasitic PMOS transistor is operating and 
a leak current through the PMOS transistor inhibits the output from completely dropping to V$s. On the other hand, in 
the case where becomes closer to Vss when is about 3 V. the parasitic NMOS transistor is operating and a 
leak current through the NMOS transistor inhixts the output from compieteJy rising to Vqo 

£ [0012] As described atoov* a lea* CMOS tran&stor in trie conventJonaJ 

CMOS inverter, resulting in falure to obtain an ideal irput-output characteristic of the transistor. 
[001?] US-A-4409724 disckxes a semconckrtar device in which a CMOS transistor ts formed on a thick quartz 
substrate. A polysilicon layer is deposed on the substrate which is then patterned to provide a plurality of islands. The 
islands are subjected to a laser annealing treatment at an intensity sufficient to cause recrystalisation. The porysificon 

10 material in the islands is converted by the laser annealing to crystalline silicon having an enhanced electron mobility 
characteristics. A pair of islands of poi /crystal line semiconductor material as annealed by energy from a focused 
energy source are then formed into a CMOS transistor. 

[001 4] WO-A-8902095 discloses a liquid crystal display device with a SOI substrate having an epitaxial silicon layer 
lying over an implant generated dielectric layer. MOS device and capacitor elements used to activate the display are 
iff farmed and interconnected in the epitaxial siBcon. The implant generated dielectric layer and the silicon substrate also 
serve as capacitor elements, thereby simpfifying the structure and fabrication of the display device and providing 
inprcvedoperatotrnxj^ elements formed in the epitaxial siicon from the sub- 

strata. 

[0015] JP-A-63-142851 discloses a serriconductor device in which a conductive layer is provided under an FET 
20 with an insulating layer therebetween in order to arive the FET with increased stability. The insulating layer provided 

between the FET and the conductive layer has a thickness of between 2 x 10"* and 6 x 10* 7 meters. When the potential 

of the conductive layer Is grounded the conductive layer and channel regions of the FET have a large capacitance 

through the insulating film thus inhibiting the potential fluctuation of the channel regions due to the modulation of pulses 

having high frequency thus preventing the malfunction of the circuit 
25 [0016] In accordance with the present invention, there are provided methods of producing a thirvf im CMOS inverter 

circuit in accordance with claims 1 and 2, respectively. A method of producing me active matrix substrate of an active 

matrix liquid crystal display device and or either of these methods is defined in daim 3 attached. 

[0017J An errt>aiment of the present invention produces an inverter circuit free from the above-described problem 

and a liquid crystal display using the inverter circuit 
so [0018] The thin-film CMOS inverter circuit produced in accordance with the present invention has an insulation 

layer trick enough to serve the abcve-described problem, 

[0019] In the accompanying drawings: 

Fig. 1 (a) is a cross-sectional view of an example of an inverter of an inverter circuit produced in accordance with 
35 the present invention; 

Rg. 1(b) ts a equivalent circuit diagram of the Inverter shown in Rg. 1 ; 

Fig. 2 is a diagram of an input-output characteristic of a CMOS inverter of an inverter circuit produced in accord- 
ance with an errxxxfiment of the present invention; 

Fig. 3 is a diagram of film thickness-threshold value characteristics of a parasitic NMOS transistor; 
40 Fig. 4 is a diagram of film thickness-threshold value characteristics of a parasitic PMOS transistor; 

Rg. 5 is a diagram of a relationship between the threshold value and the film thickness of the parasitic MOS tran- 
sistors; 

Rg. 6(a) is a diagram of a SIMOX process practiced in accordance with a preferred (second) embodiment of the 
present invention; 

46 Fig. 6(b) is a oxygen concentration profile of the process of the preferred (second) emboclment; 
Rg. 7 is an illustration of a matrix substrate in a state of production by laser annealing ; 
Rg. 8 ts a cross-sectional view of an active matrix produced according to an embodiment of the present invention; 
and 

Rg. 9 is a diagram of input-output characteristics of a conventional CMOS inverter. 

so 

DESCRIPTION OF THE PREFFRRED EMBODIMENTS 
[00201 The present invention will be descrbed below in detail. 

[0021] As described above, in accordance with the principle of the operation of a CMOS inverter, a condition nec- 
55 essay for the existence of a value of with which parasitic NMOS and PMOS transistors cannot operate is 
Vse+V^V^ + V^. 

[0022] Vwjn and can be expressed as shown below. 
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BN " 

5 Vre-.qQss/C eox- 0.88V 

ttap 

■ - (Q BP /C BQX ) - + V pq 
Qep-^qeN^Fp) 

to 

v 'fb"-QQss /c bcd(^ 0.15V 

Cbox : the capacity per unit area of the base insulation layer (Rem 2 ) 
q: elementary electric charge 
is Nfe: a channel impurity concentration 

♦fn. t>FP- psuedo Fermi potentials of the NMOS and PMOS transistors 
♦ F :-(kT/q)ln(N c /n^ 

k: Botamann's constant 
20 T: absolute temperature 

r\{. an intrinsic carrier density of Si 

V re : a fiat band voltage 

25 [0023] Therefore. 

[0024] Each of the Qb N , Qbp *fn» and $ FP in the above has only one value If the Impurity concentrations N CT and 
so are determined. 

Since C BOX = £ BOX /T BQX 

eeox- a dielectric constant of the base insulation layer 
as Tbqx- the thickness of the base insulation layer, 

ortfy Cbqx in the above equation is changed with the thickness of the base insulation layer. Accordingly, 

V tmn ' V thtop ■ K 1 T BQX + K 2 

40 

where 



Ki = e BO x (Qbn + Qbp) 

45 

and 

K 2-2tFN+2t FP -1.03. 

50 

•'• V DD " V SS < V thbn * V rt*p " K 1 T BOX + K 2 

T Bax>(V D o"V efi .K 2 yK 1 

[0025] If the base insulation layer has a thickness such as to satisfy this equation, the absolute value of the thresh- 
55 old values can be increased so that occurrence of a leak current is prevented 

[0026] The thickness of an insulation layer in the conventional SIMOX substrate cannot be indef Wtely increased. In 
accordance with the present invention, a monocrysta) Si region is provided on a thick insulation layer by modified 
SIMOX (which may include subsequent epitaxial growth). 
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[0027] The present invention will be described with respect to Examples 3, 4, & 6 thereof, and other examples 1 2 
5 of methods outside the scope of the present invention. 

Eaamolej. 

(0028] AnronocrystalSitHnfflmwre 

this mcoocryslaJ Si thin film win be descried below. 

[0029] In the porous Si substrate member use* holes having a cfwiietw ^ 

formed, which were observed through a transmission nwcroscopa The oensrty of the porous Si substrate is it most half 
that of rnonocrystal Si, but its monocrystal properties are maintained and a monocrystaJ Si layer can be tormed on the 
porous layer by epitaxial growth. However, a rearrangement of internal holes takes piace at 1 ,000*0 or higher, and the 
characteristics of enhanced etching are thereby impaired. For this reason, a low-temperature growing metxxt euch as 
a molecular beam epitaxial growth method, a plasma chemical vapor deposition (CVD) method, a thermal CVD 
method, a photo-CVD method, a bias sputtering nrcthod. (* a Squid c^ 
growing the Si layer. 

[0030] AmethodinwhitfP-typeSiism 

will be described below. * * 

[0031 ] First, a Si rnonocrystal substrate member is prepared and is processed by an anodization method using a 
HF solution to form a porous layer therein. While the density of ownocrystal Si is 2.33 g/cm 3 . the density of the porous 
Si can be changed in the range of 0.6 to 1.1 g/cm 3 by changing the HF solution concentration in the range of 20 to 50 
% by weight This porous layer can easily be formed into a P-type Si substrate merrfcer^ 
[0032] Porous Si was four* in a process 

ttonof Siinancdizati<>n,rx>sito solution. This reaction is expressed 

as follows. 



Si + 2HF + (2 - n)e* -> SiF 2 + 2H* + ne" 
SiF 2 +2HF-*SiF 4 + H2 
SiF 4 + 2HF-»H2SiF 6 

or 



Si + 4HF + (4.X)e*->SiF 4 + 4H* + Xe- 
SiF 4 + 2HF->H2SiF6 

[0033] Symbols e + and e" represent holes and electrons, respectively. Each of n and X represents the number of 
holes, in the relevant eouation, necessary for dissolving one Si atom. Porous Si is tormed on condition that n > 2 or X > 
4. 

[0034] From this tact it can be said that P-type Si in which holes exist can easily be made porous. 
[0035] On the other hand, it has been reported that high-density N-type Si can be made porous. Thus, a Si sub- 
strate member can be made porous inespectrve of being P- or N-type. 

[0036] AJso, the density of the porous layer is a haK or less of the original density, since many gaps are tormed in 
the porous layer. Therefore the surface area is greatly increased relative to the volume. The chemical etching speed is 
thereby increased remarkably in <x>rrparison with the etching speed of the ordinary monocrystal layer. 
[0037] Conditions tor making monocrystaJ Si porous by anodization are shown below. A starting material of porous 
Si formed by anodization is not limited to monocrystal Si, and Si in other crystalline structures can be used. 

Applied voltage: 2 (V) 

Current density: 30 (mA • cm" 2 ) 

anodization solution: HF : H2O : C2H5OH . 1 : 1 : 1 

Time: 2.4 (hours) 

Thickness of porous Si: 300 0*m) 

Porosity: 56% 



[0038] Si is grown by epitaxial growth on porous Si formed in this manner, thereby forming a monocrystal Si thin 
film. The thickness of the monocrystal Si thin film is, preferably, 50 fim or less, more preferably, 20 jun or less. 
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[0039] A surface of the monocrystal Si thin f 8m is then oxidized. A substrate member which is to finally form a main 
substrate is prepared and is attached to the oxide film in the monocrystal Si surface. Alternatively, a surface of monoc- 
rystal Si substrate member newly prepared is odd 

strate member. The reason for the provision of such an oxide film between the substrate member and the monocrystal 
s Si layer is because an interlace level generated from a base interface of a Si active layer with an oxide film can be 
smaller than, tor example, an interface level from a base interface with a glass provided Its a substrate member. It is 
possible to greatly improve characteristics of an electronic device by forming such an oxide film interface. Further, only 
a monocrystal Si thin film prepared by removing a porous Si substrate member by a selective etching process 
described later may be attached to a new substrate member. Two substrate members can be attached closely enough 
10 to prevent separation between them by the van der Waate force, If their surfaces are washed and thereafter brought into 
contact with each other at room temperature. However, the substrate members in this state are processed by a heat 
treatment in a nitrogen atmosphere at a temperature in the range of 200 to 900*0, preferably, 600 to 900*0. 
[0040] An &3N4 layer is formed as an etching prevention fim by deposition over the entire surface of the two 
attached substrate members. Only the portion of the S13N4 layer on the surface of the porous Si substrate member is 
is then removed. Apiezon wax may be used instead of S13N4. Thereafter, the porous Si substrate member is entirely 
removed by etching or other means. A semiconductor substrate having a thin monocrystal Si layer can be obtained in 
this manner. 

[0041] A selective etching method for etching only the porous Si substrate member by non-electrolyte wet etching 
will be descnbed below. 

20 [0042] As en etching liquid having no etching effect with respect to crystalfine Si but capable of selectively etching 
only porous Si, H is preferable to use hydrofluoric acid, buffered hydrofluoric acid of ammonium fluoride (NH 4 F), Hydro- 
gen fluoride ( HF) or the like, a fiquid of a mixture of hydrofluoric acid or buffered hydrofluoric acid and hydrogen peroxide 
solution, a liquid of a mixture of hydrofluoric acid or buffered hydrofluoric acid and alcohol, or a liquid of a mixture of 
hydrofluoric acid or buffered hydrofluoric acid, hydrogen peroxide solution and alcohol. The substrate members 

25 attached to each other undergo etching by being wetted with such an etching liquid. The etching speed depends upon 
the concentration of hydrofluoric acid, buffered hydrofluoric acid and hydrogen peroxide in the solution and upon the 
temperature. By the adoption of the hydrogen peroxide solution, the oxidation of Si is promoted and the reaction speed 
is increased in comparison with an etching liquid to which no hydrogen peroxide solution is added. Further, the reaction 
speed can be controlled by changing the proportion of the hydrogen peroxide solution. By the addition of alcohol, bub- 

so bies of a reaction product gas can be instantly removed from the etched surface without agitation, and the porous Si 
can be etched uniformly and efficiently. 

[0043] The HF concentration in buffered hydrofluoric add is set in the range of, preferably, 1 to 95 %, more prefer- 
ably, 1 to 85 %, and further preferably. 1 to 70 % by weight of the etching fiquid. 

[0044] The NH4F concentration in buffered hydrofluoric acid is set in the range of. preferably, 1 to 95 %, more pref- 
55 erably, 5 to 90 %, and further preferably, 5 to 80 % by weight of the etching fiquid. 

[0045] The HF concentration is set in the range of, preferably, 1 to 95 %, more preferably, 5 to 90 %, and further 
preferably, 5 to 80 % by weight of the etching fiquid. 

[0046] The H2O2 concentration is set in the range of, preferably. 1 to 95 %, more preferably. 5 to 90 %, and further 
preferably. 10 to 80% by weight of the etching liquid, and is set in a range such that the above-descrtoed effect of hydro- 
40 gen peroxide solution can be attained. 

[0047] The alcohol concentration is set in the range of, preferably, 80 % or less, more preferably. 60 % or less, and 
further preferably, 40 % or less by weight of the etching liquid, and is set in a range such that the above-descnbed effect 
of alcohol can be attained. 

[0048] The temperature is set in the range of. preferably, 0 to 100°C, more preferably, 5 to 80°C. and further prefer- 
45 ably.5to60*C. 

[0049] The alcohol used may comprises ethyl alcohol, isoprapyi alcohol and the fike, i.e., alcohols which entail no 
considerable problem in the manufacturing process in practice and which ensure the above-described alcohol addition 
effect. 

[0050] In the semiconductor substrate obtained in this manner, a thin large-area layer of monocrystal Si equivalent 
so to the ordinary Si wafer is formed flat and urriformiy to cover the entire area on the substrate. 

[0051 ] A monocrystal Si thin fflm, such as the one described in detail in the specification of European Patent Laid- 
Open Publication No 469630, can be specifically used as the above-described monocrystal Si thin fira 
[0052] In this example, a SiOj him having a thickness of 1 pm (10,000 A) was formed on a monocrystal Si sub- 
strate, and was attached to a monocrystal Si thin f 1m to form a base insulation layer. A CMOS inverter such as that 
55 shown in Fig. 1 was manufactured by using this base insulation layer. The method of setting the above-mentioned fim 
thickness win be described below. 

[0053] Fig. 3 shows film thickness (Tg^-threshold value (V^J characteristics of a parasitic NMOS transistor with 
Qss (fixed positive charge on the base insulation layer) (cm 2 ) used as a parameter. The density in the channel region 
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wassettolxio^cnv 3 . 

[0054] Fig. 4 shows fim thickness-threshokj value (V^ characteristics ot a parasitic PMOS transistor with Qss 
used as a parameter. The density in the channel region was set to 5 x lO^cm" 3 . 

[0055] Fig. 5 shows a relationship between the film thickness and the threshold value difference - 
5 between the two transistors on the basis of the data shown in 3 arid 4 with respect to trie charneJderisites of 1 x 
lO^cm^andSxIO^cm" 3 . 

[0056] As described above, tor the existence of a value of with which the parasitic NMOS and PMOS transis- 
tors cannot operate, at least - VgQ < - V ttt3p must be satisfied. The graph of Rg. 5 is formed by using, as a 
parameter, allowable values of currents flowing in gate voltage ranges below the threshold values. In Fig. 1, the reia- 
io tionship between - and T^x * shown with respect to a current of 1 pm flowing when V ^ = V^, V ^ , 
a current down by a factor of 10 2 therefrom (allowable current - 10pA), a current down by a factor of 10* (afiowabie 
current - 10 nA), and a airrent down by a factor of 10 6 (allowable current - irjOpA). There is r» influence of Qss upon 
the relationship shown in this graph. 

[0057] In this example, a base insulation layer thickness Tqqx » 1 jim (10,000 A) was determined from Fig. 5 under 
is conditions: V^-Vss -14 V, an allowable anemof iMpA arid a rrargin of 5 V between trie tr^ 
enceandVoo-Vsg. 

[0058] Rg. 2 shows an input-output characteristic of this CMOS inverter. Input-output values closer to an ideal char- 
acteristic were exhibited wrm respect to Vqo - 8 V.Vss- -6 V, and V^- 3 V. This CMOS inverter can be used in a 
driving circuit having a high power supply voltage. 14 V. 

20 

Example 2 

[0059] A semiconductor device was manufactured in the same manner as Example 1 except that a base insulation 
layer was formed so as to have a three-layer structure formed of 800 nm (8,000 A) thick layer of StO^, a 50 nm (500 A) 
25 thick layer of Si N, and a 100 nm( 1,000 A) thick layer of SK^. The thickness of this three-layer f Om corresponds to about 
925 nm (9.250 A) in terms of the thickness of the SiOp single layer structure as determined by conversion with respect 
to the dielectric constant In this embodiment SiN was deposited by a low pressure CVD method. Alternatively. SIN may 
be formed by being nrtrized by rapid thermal annealing at 1 .000*0 after SiOg deposition. 

[0060] In a case where there is a need to partially remove the Si substrate by etching on the back side thereof, for 
50 example, for the purpose of forming a transparent portion such as that of a display portion of a liquid crystal display, 
etching can easily be stopped since the SiN layer ads as a suitable stopper, and cutting out can be performed by uni- 
form back-side etching. 

[0061] The operation at V D0 - - 14 V was substantially possible, although the threshold values of the para- 
sitic MOS transistors were slightly reduced in comparison with Example 1 . 

35 

Example 3 (1st Embodiment} 

[0062] Conventionally, a SIMOX substrate is manufactured by a method of injecting, ordinarily, 3 to 5 separated 
shots of an amount of oxygen ions of 4 x 10* 7 to £4 x 1 0 1 8 cm^wim acceleration energy of 150 to 300 keV, and there- 

40 after performing a heat treatment at 1.100 to 1,250*C for 2 to 20 hours. 

[0063] In this embodiment, oxygen ions were injected by double-charging using a charge twice as large as the ordi- 
nary charge, while an average ion injection range (ion injection depth) Rp « 800 nm (8,000 A) and a dispersion of Ion 
injection range ARp = 400 nm (4,000 A) were set Sty film having a thickness of 1 jim (10.000 A) was thereby formed. 
A CMOS inverter similar to that in accordance with Example 1 was manufactured by using this SIMOX substrata The 

45 CMOS inverter obtained had no leak and had an improved characteristic. 

Example 4 (2nd Embodiment) 

[0064] A SIMOX substrate was manufactured by changing energy for oxygen ion injection by three steps as shown 
so in Rg. 6(a). That is, oxygen ions were injected under conditions: The plant energy of 150, 250, 400 keV, and ion injec- 
tion dose- 5x 10 17 ,2xl0 18 ,4x10 18 cm- 2 , followed by a heat treatment at 1,200 -C for 36 hours. With an oxygen 
profile such as that shown in Fig. 6(b). SOI (silicon on insulator) on SX>2 fim having a thickness of about 1.3 pm was 
realized. A 20 V driving circuit can be made by forming a CMOS inverter on this SIMOX substrate. 

55 Examples 

[0065] The active matrix substrate of an active matrix type of liquid crystal display was manufactured by forming a 
polycrystalline or amorphous Si layer on a transparent substrate and by processing a necessary portion thereof by laser 
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annealing go that the processed portion is changed into a monocrysta l . Fig. 7(a) is a plan view of this (fisptay. A display 
portion 72 is formed at the center of the substrate and is surrounded by a drive circuit portion 71 . Chips integrated in an 
active matrix and a circuit lor driving the matrix are provided on a device region 74 formed in an amcxphouaTegton 73. 
A laser light source used for laser annealing is of a high output (5 to 1 ,000 mW) type using a helium neon lamp as a 

5 light source. In the display in accordance with this example, only the drive circuit is required to have a highspeed 
switching operation. Therefore, only the drive circuit portion is scanned with the laser light source, as liustrated. The 
seamed portion is changed into a monocrystaJ region where the carrier mobflity is the same as that in ordnary monoc* 
rystal Si, thereby enabling high-speed driving. The manufacturing cost is increased by the laser anneafing process. 
However, the increase in the manufacturing cost is imited by setting a necessary minimum processed region at 

io described above, h is thereby poesbie to manufacture a Ngrrtntegration higrwesoiufon liquid crystal display having 
two hundred thousand or more pixels. 

Example 6 (3rd Embodment) 

is [0066] Fig. 8 shows an example of an active matrix substrate of an active matrix Qquid crystal display device pro- 
duced in accordance with the present invention. In this embodiment a drive circuit portion 71 is formed on a tick 8O2 
film 63 (having a thickness of 1 m (10. 000 A) for example), enabling driving of -V^ - 14 V. A clsptay portion 
72 in which transistors serving as switching devices for applying voltages to liquid crystal ceils are arranged in the form 
of a matrix is formed on a thin StOg fflm 62. A monocrystaJ Si substrate 81 at the backside of the display portion 72 it 

20 partially removed by wet etching, and a space thereby formed is filled with back packing (sflicone rubber) 84 for rein- 
forcement. This packing is almost transparent and allows back light from under p pass in order to efficiently iuminate 
the dsplay portion. 

{0067] Only PMOS transistors are used as switching devices in the display portion. The back packing 84 has an 
insulating property. Therefore, even if there are movable ions (ortinarily, positive ions) In the back packing, the parasitic 
25 PMOS transistor does not operate by this charge. 

[0068] Thus, an unnecessary increase in the SiOg film is limited to reduce stresses remaining in the SiOj flm and 
the device region after cutting-out of the monocrystal sicon substrate. It is thereby possfele to avoid an arrangement of 
liquid crystal ceils on the outer device region and to improve image qualities. 

[0069] As described above, in the semiconductor device produced in accordance with the present invention, a leak 
30 current, relating to the problem of the conventional SIMQX art, can be prevented by controlling the film thickness of the 
implant formed insulation layer. The semiconductor device can perform high speed driving with a high power supply 
voltage. The liquid crystal display device produced accorrjng to the present invention can be designed for high-resolu- 
tion high-image-quality image display. 

3S Claims 

1 . A method of producing a thin-film CMOS inverter circuit comprising: 

a monocrystadine silicon bulk semiconductor substrate (1); 
40 an insulation layer (2) on said semiconductor substrate; 

a thin-film Si layer (4 to 7,10,11 i 12,12\13 l 13') on said insulation layer; 

a thin-film NMOS transistor (16) having a source (4,12) and a drain (5,15) in a first isolated monocrystal region 
(4,5,10,12,12') of said thin-film SI layer, a source electrode (14), a drain electrode (15), and an Insulated gate 
electrode (9); 

45 a thin-film PMOS transistor (17) having a source (7.130 and a drain (6,13) in a second isolated monocrystal 

region (6.7,1 1 ,13,13") of said thin-film Si layer, a source electrode (14% a drain electrode (15*) and an insulated 
gate electrode (9*); 

a common input electrode connected to said gate electrode of said NMOS transistor and to sari gate electrode 
of said PMOS transistor; 

60 a common output electrode connected to said drain electrode of said NMOS transistor and to said drain elec- 

trode of said PMOS transistor; 

a low-voltage power supply, connected to said source electrode of said NMOS transistor, to supply a first volt- 
age, Vss volts, thereto; and 

a high-voltage power supply connected to said source electrode of said PMOS transistor to supply a second 
ss voltage, V DD volts, thereto; wherein 

the thickness of said insulation (2) satisfies a relationship expressed by the foflowing expression: 

T B ox>{V 00 -V 88 -K 2 )yK 1 
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where 

• 1 

Kj 5 €l0X (Q M + Q„), 

6 

K 2 - 2+ ^ + 2+ FP - 1.03 Vote, cqox is a dielectric constant of said base insulation layer (2), and Qbp 
are bulk charges when the widths of depletion layers of said NMOS and PMOS transistors (18,17) are maxi- 
mized and are expressed in units of CouJornbs/crn 2 , and +fn and ^fp are pseudo Fermi potentials of said 

70 NMOS and PMOS transistors (16,17) expressed in vote, whereby parasitic MOS transistor* having said sem- 

iconductor substrate (1) as a common gate electrode, said insulation layer (2) as gate insulation, said source 
(4) and said drain (5) of said NMOS transistor (16) and said source (7) and said drain (6) of said PMOS tran- 
sistor (17). inherent in said circuit are inoperable; 
which method is performed by; 

75 providing a monocrystalline silicon bulk semiconductor wafer; 

implanting oxygen ions in said bulk semiconductor wafer by irradiating the surface thereof with double charged 
oxygen ions and performing an anneal heat treatment thereby forming the insulation layer (2) of SiOj which 
separates a surface layer of said wafer, which is to provide at least a lower part of the thin fim Si layer (4- 
7,10.1 1,12,12\1 3, 13 1 ) from a remainder portion of said wafer, namely the monocrystafline silicon bufc semi- 

20 conductor substrate (1), the thickness of said insulation layer (2) thus fo^ 

thin-film NMOS transistor (16) and the thin-film PMOS transistor (17) in and upon respective first and second 
isolated rronocrystaJ regions (4.5,10,12,12' and 6.7,1 1,13,131 of said thin 19m Si layer.; 
connecting the respective gates (9.9*) to a common input electrode, and connecting the respective drains 
(15.15*) to a common output electrode ; and providing the low-vortage power supply and the Ngh-vottage 

25 power supply and connecting them to the respective sources of said NMOS and PMOS transistors. 

2. A method of producing a thin-film CMOS inverter circuit comprising: 

a monocrystalline silicon bulk semiconductor substrate (1); 
so an insulation layer (2) on said semiconductor substrate; 

a thin-film Si layer (4 to 7.10.1 1.12,1? I 13.13 ( ) on said insulation layer; 

a thin-film NMOS transistor (16) having a source (4,12) and a drain (5.1 5) in a first isolated monocrystal region 
(4,5, 10.12,12") of said thin-film Si layer, a source electrode (14), a drain electrode (15). and an insulated gate 
electrode (9); 

as a thin-fam PMOS transistor (17) having a source (7.13*) and a drain (6,13) in a second isolated monocrystal 

region (6.7.1 1 . 13,1 3} of said thin-Mm Si layer, a source electrode (1 4*), a drain electrode (1 5*) and an insulated 
gate electrode (9*); 

a common input electrode connected to said gate electrode of said NMOS transistor and to said gate electrode 
of said PMOS transistor; 

40 a common output electrode connected to said drain electrode of said NMOS transistor and to said drain elec- 

trode of said PMOS transistor; 

a low-voltage power supply, connected to said source electrode of said NMOS transistor, to supply a first volt- 
age, Vss volts, thereto; and 

a high-voltage power supply connected to said source electrode of said PMOS transistor to supply a second 
45 voltage, V DD volts, thereto; wherein 

the thickness l^ox <* said insulation (2) satisfies a relationship expressed by the following expression: 

' BGIX 

>(V DD -V 88 -K 2 VK 1 

60 where 

-1 

*i 2 € MJ{ (Q M + Q„), 

55 

K 2 ■ 2 * fn + 2 * fp - 1 03 Its, eeox is a dielectric constant of said base insulation layer (2), Qqh and Qb P 
are bulk charges when the widths of depletion layers of said NMOS and PMOS transistors (16,17) are maxi- 
mized and are expressed in units of Coulombs/cm 2 , and ^ and + FP are pseudo Fermi potentiate of said 
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NMOS and PMOS transistors (16. 1 7) expressed in vote, whereby parasitic MOS transistors, having said sem- 
iconducta substrate (1) as a common gate electrode, said insulation layer (2) as gate insulation, said source 
(4) and said drain (5) of said NMOS transistor (16) and said source (7) and said drain (6) of said PMOS tran- 
sistor (17), inherent in said circuit are inoperable; 
5 which method is performed by : 

providing a monocrystaliine silicon buk semiconductor wafer ; 

implanting oxygen ions in said bulk semiconductor wafer by irradiating the surface thereof with oxygen ions tor 
three exposures performed at three different implant energies, and annealing by heat treatment thereby form- 
ing the insulation layer (2) of S1O2 which separates a surface layer of said wafer, which is to provide at least a 
w lower part of the thin fflm Si layer (4-7,10,1 1 ,12.12', 13,131 from a remainder portion of said wafer, namely the 

monocrystaliine silicon bulk semiconductor substrate (1), the thickness of said insulation layer (2) thus formed 
being about 1 .3jim; producing the thin-f 1m NMOS transistor (1 6) and the thin-film PMOS transistor (1 7) In and 
upon respective first and second isolated monocrystal regions (4,5,1 0,12,12' and 6,7.1 1.1 3, 13*) of said thin flm 
Si layer; 

is connecting the respective gates (9,91 to a common input electrode, a connecting the respective drains (15,151 

to a common output electrode ; and provicing the low-voltage power supply and the high-voltage power supply 
and connecting them to the respective sources of said NMOS and PMOS transistors. 

3. A method of producing the active matrix substrate (81-65) of a nquid crystal display device having both a peripheral 
20 drive arcuit portion (71 ) and an active matrix display portion (72) which method indudes perxxming the method of 
producing a thin-film CMOS inverter circuit according to either of claims 1 or 2. said thin fRm NMOS and PMOS 
transistors of said thin film CMOS inverter circuit being located at the periphery of the SOI substrate formed of said 
monocrystaliine silicon bulk semiconductor substrate, insulation layer and thin flm Si layer, and provided as part of 
a peripheral drive circuit portion (71 ) of the active matrix substrate of the liquid crystal display device ; and ateo 
25 includes steps of : 

producing the active matrix display portion in and upon sad thin-f Im Si layer, which portion has PMOS pixel 
switches ; removing the portion of the monocrystal Si bulk substrate disposal between said active matrix dis- 
play portion (72) of said thin-film Si layer (5) and the back surface of said monocrystal Si bulk substrate, thin- 
so ning the portion of the insulation layer (83-82) exposed by removal of said portion of the monocrystal Si bulk 
substrate, and in-filling the void formed by said removal and said thinning with a substantially transparent back 
packing material (84) fa reinforcement 

PatentansprQche 

35 

1 . Verfahren zur Herstellung einer DQnnfan>CMOS-inverterschaltung mil 

einem massiven einkristsJfinen Sifciumhalbleftersubstrat (1); 
einer teolationsschicht (2) auf dem erwahnten Habiertersubstrat; 
40 einer Durmf ihn-Si-Schichi (4 bis 7. 10, 1 1, 12, 12', 13. 13) auf der erwahnten teolationsschicht; 

einem DQnnfim-NMOS-Transistor (16). der eine Source (4, 12) und einen Drain (5, 12*) in einem erst en isoiier- 
ten Einkristalbereich (4. 5. 10, 12. 12) der erwahnten DOnnhlm-Si-Schicht. eine Sourceelektrode (14), eine 
Draineiektrode (15) und eine isoiierte Gateeiektrode (9) hat; 

einem DunnfBm-PMOS-Transistor (17), der eine Source (7, 13) und einen Drain (6. 13) in einem zweiten teo- 
45 lierten Einkristallbereich (6, 7, 1 1 . 13, 1 3) der erwahnten Dunnf ilm-Si-Schicht, eine Sourceelektrode (1 4), eine 

Draineiektrode (15) und eine isoiierte Gateeiektrode (9) hat; 

einer gemeinsamen EingangseJektrode, die mrt der erwahnten Gateeiektrode des erwahnten NMOS-Transi- 

stors und mrt der erwahnten Gateeiektrode des erwahnten PMOS-Transistors verbunden ist; 

einer gemeinsamen Ausgangsetektrode, die mrt der erwahnten Draineiektrode des erwahnten NMOS-Transl- 

50 stors und mrt der erwahnten Draineiektrode des erwahnten PMOS-Transistors verbunden ist; 

einem Stromversorgungsgerat fflr niedrige Spanning, das mrt der erwahnten Sourceelektrode des erwahnten 
NMOS-Transistors verbunden ist urn diese mrt einer ersten Spannung (Vss volt) zu versorgen; und 
einem Stromversorgungsgerat fur hone Spannung. das mrt der erwahnten Sourceelektrode des erwahnten 
PMOS-Transistors verbunden ist urn diese mrt einer zweiten Spannung (Vqd volt) zu versorgen; wobei 

55 die Dicke Tbox der erwahnten Isolation (2) eine Beziehung erfultt die durch den folgenden Ausdruck ausge- 

drOcktwird: 

t bqx >(Vdd- v ss- K 2) /k i. 
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worin 

K l = e BOX ( Q BN + Qbp) • 

K 2 - 2# fn + 2* pp - 1 ,03 Volt cbox de DiefektrizrlfitBtonstante (tor erwahnten BasisisdationsacNctt (2) ist 
Qbn unci Q B p Voiumertfadungen in dem Fall tind, dass die Brerten der Verarmungsschichten bet arwahnten 
NMOS- und PMOS-Transistors {16, 17) maximierl Bind, und in Einherten von Coutomb/cm 2 ausgedrOckt war- 
den, und km und 4fp Pseudo-Ferrni-Potentiaje des erwahnten NMOS- und PMOS-Transistors (16, 17) and. 
die in Vott ausgedrOckt warden, wodurch der erwahnten Schaitung etgene parasrtflre MOS-Transtttoren. die 
das erwahnte HeJNertersubstrat (1) ais gemeinsame Gateelektrode, die erwahnte Isolatowtchicht (2) als 
Gataisolation, die erwahnte Source (4) und den erwahnten Drain (5) des erwahnten NMOS-Transttors (16) 
und die erwahnte Source (7) und den erwahnten Drain (6) des erwahnten PMOS-Transtfrtom (17) haben. 
unwirfcsam sind; 

wobei dieses Verfahren dadurch durchgefuhrt wind, dass 

ein massiver einkristalliner Siik*unrtialttefterwafer berertgestelit wird; 

in dan erwahnten massiven SiHciumhafclerterwafer Sauerstoffionen impiantiert werden. tndem seine Oberfla- 
che mtt doppelt aufgeiadenen Sauerstoffionen bestrahtt und eine Ausheitungswarmeberandbjng durchgefuhrt 
wird. wodurch die aus SiO* bestehende Isoiationsschicht (2) gebOdet wird, die eine Oberflflchamchicht des 
erwahnten Wafers, die mindestens einen unteren Tea der DunnfilnvSi-Scttcht (4 bis 7. 10. 1 1, 12, 12*. 13. 13} 
berertzusteiien hat. von ein em resttichen Teil des erwahnten Waters, namlich von dem massiven einkristaffinen 
Silidumhalbiertersubstrat (1). trennt, wobei die Dicke der erwahnten auf diese Weise gebtldeten teoiabons- 
schicht (2) etwa 1 jim betragt; 

der DQnnffln>NMOS-Transstor (16) und der DQrtnftnvPMOS-TransistDr (17) in und auf dem eraten bzw. dem 
zweiten isotierten Einkristalbereich (4, 5, 10. 12, 12' und 6, 7, 11, 13, 13) der erwahnten DOnnflim-Si-Schteht 
hergestellt werden; 

die jeweitigen Gateelektroden (9. 9) mh einer gerneinsamen EingangseJektrode verbunden werden und die 
jewefligen Draineiektroden (15. 15) mft einer gerneinsamen Ausgangseiektrode verbunden warden und 
das Stromversorgungsgerat fur niedrige Spannung und das Stromversorgungsgerdt fur hone Spennung 
berertgestelit und mit der Sourceef ektrode des erwahnten NMOS- bzw. des erwahnten PMOS-Transistors ver- 
bunden werden. 

Verfahren zur HersteJIung einer Dunnfilrn-CMOS-lnverterschaltung mit 

einem massiven einkristaUinen SifidumraJbleitersubstrat (1): 
einer Isoiationsschicht (2) auf dem erwahnten HaJbieftersubstrat; 

einer Dunnfilm-Si-Schicht (4 bis 7, 10. 11, 12, 12', 13, 13*) auf der erwahnten Isoiationsschicht; 
einem DOnnfiirrvNMOS-Transistor (16). der eine Source (4, 12) und einen Drain (5, 12*) in einem erst en isotier- 
ten Enkristalbereich (4. 5. 10, 12, 12) der erwahnten -tannJilrrvSi-Schicht. eine Sources ektrode (14), eine 
Drainelektrode (1 5) und eine isolierte Gateelektrode (9) hat; 

einem Dunrrfam-PMOS-Transistor (17), der eine Source (7, 130 und einen Drain (6. 13) in einem zweiten iso- 
tierten Einkristallbereich (6. 7. 1 1 . 13. 13) der erwahnten Dunnf 8m-Si-Schicht. eine Sourceelektrode (14), sine 
Drainelektrode (15) und eine isolierte Gateelektrode (9) hat 

einer gerneinsamen Eirtgangselektrode. die mit der erwahnten Gateelektrode des erwahnten NMOS-Transi- 
stors und mit der erwahnten Gateelektrode des erwahnten PMOS-Transistors verbunden ist; 
einer gerneinsamen Ausgangseiektrode, demit der erwahnten Drainelektrode des erwahnten NMOS-Transi- 
store und mit der erwahnten Drainelektrode des erwahnten PMOS-Transistors verbunden ist; 
einem Stromversorgungsgerat fur niedrige Spannung, das mit der erwahnten Sourceelektrode des erwahnten 
NMOS-Transistors verbunden ist urn diese mit einer ersten Spannung (Vss Voh) zu versorgen; und 
einem stronwersorgungsgerdt fur hone Spannung. das mit der erwahnten Sourceelektrode das erwahnten 
PMOS-Transistors verbunden ist urn diese mit einer zweiten Spannung (Vqq Volt) zu versorgen; wobei 
die Dicke Tqqx der erwahnten isolation (2) eine Beziehung erfOlft die durch den foJgenden Ausdruck ausge- 
drOckt wird:.. 

T B ax>(V 0O -V 88 -K 2 yK v 

worin 
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6 B0X ^BN + ©Bp)' 



K 2 -2*^ + 24pp-1,03Vblt EeoxtfeDidiektrizitttskon^ 

Qbn und Qbp Vtoiumertadungen h dem Faff sind, dass tie Breiten der Verarmungsschichten des erwahnten 
NMOS- und PMOS-Transistors (16, 17) maximiert and, und in Ekiheften von Coutorrtj/cm 2 ausgedruckt wer- 
den, und fa und fa Pseudo-Fermi- Potentiale des erwahnten NMOS- und PMOS-Transistors (16. 17) sind, 
die in Vort ausgedruckt warden, wodurch der erwahnten Schaftung-eigene parasrtare MOS-Transistoren. die 
das erwahrrte HaJHeitersubstrat (1) ate gemeinsame Qateelektrode, die erwahrrte Isoiatonsschicrrt (2) aJs 
Qateisolatior, die erwahrrte Source (4) und den erwahnten Drain (5) des erwahnten NMOS-Transistors (16) 
und die erwahnte Source (7) und den erwahnten Drain (6) des erwahnten PMOS-Transistors (17) haben, 
unwirksam sind; 

wobei dieses Verfahren dadurch durchgefOhrt wird, dass 

ein mass/ver einkristalliner Sflitiurntablefterwafer bereitgesteilt wird; 

in den erwahnten massiven SilkaumhaWerterwafer Sauerstoffionen irrptentiert werden, indem seine Oberfla- 
che einer dreimaligen Bestrahlung mrt Sauerstoffionen ausgesetzt wird, die mrt drei verschiedenen Impiarrtati- 
onsenergien durchgefOhrt wird, und eine Ausheflung durch WarrnebeharKftjng durchgefOhrt wird, wodurch die 
aus S0 2 bestehende Isolationsschicht (2) gebildet wird, die eine Oberf iachenschicrrt des erwahnten Wafers, 
die mindestens einen urrteren Tel der DQnnfilrn-Si-Schicrrt (4 bis 7, 10, 11, 12. 12'. 13, 13*)berertzustellenhat 
von einem restiichen Teii des erwahnten Wafers, namtich von dem massiven einkristailinen SffidumhalUeiter- 
substrat (1). trenrrt, wobei die Dicke der erwahnten auf diese Weise gebildeten Isolationsscricht (2) etwa 1 ,3 
umbetragt; 

der DQnnf im-NMOS-Transistor (16) und der DQnnfartvPMOS-Transistor (17) in und auf dem ersten bzw. dem 
zweiten isotierten EinWstaflbereich (4, 5, 10, 12. \Z und 6, 7, 11, 13. 13*) der erwahnten DunrfBm-Si-Schicrrt 
hergesteJH werden; 

die jeweSigen Qateeiektroden (9, 9") mrt einer gemeinsamen Bngangselektrode verbunden werden und die 
jeweiiigen Draineiektroden (15, 15*) mrt einer gemeinsamen Ausgangseiektrode verbunden werden und 
das Stromversorgungsgertt fur niedrige Spannung und das Stromversorgungsgerfit fur hohe Spanning 
bereitgestefft und mtt der Sourceeiektrode des erwahnten NMOS- bzw. des erwahnten PMOS-Transistors ver- 
bunden werden. 

3. Verfahren zur Hersteliung des Akirvmatrixsubstrats (81 bis 85) eines Russigkristailanzeigegerats, das einen peri- 
phery Ansteuerschaltungsbereich (71) und einen Aktrvrnatrixanzetgebereich (72) hat wobei dieses Verfahren die 
DurchfQhrung des Verfahrens nach Anspruch 1 Oder 2 zur Hersteliung einer DunnftnKJMOS-lnverte^ 
einschlieBt, wobei der erwahnte DurrtirtvNMOS-Transistor und der erwahnte DQnnf ttm-PMOS-Transr^r der 
erwahnten DQnnfflm-CMOS-lnverterschaftung an der Peripherie des SOI-Substrats, das aus dem erwahr- nas- 
siven einkristailinen Silidumhabertersubstrat, der erwahnten isolationsschicht und der erwahnten Dun^drrhSi- 
Schicht gebildet wird. angeordnet und ate Teil eines perpheren Ansteuerschaltungsbereichs (71) des Akbvmatrix- 
substrats des RussjgkristaBareeigegerats berertgestefH werden, und auch die Wgenden Schritte einschiieSt 

Hersteliung des AWvmatrixanzeigebereichs in und auf der erwahnten Dunrrfam-Si-Schicru wobei dieser 
Bereich PMOS-Bildelemerrtschalter hat 

Entfernung des zwischen dem erwahnten Aktivmatrixanzeigebereich (72) der erwahnten DQriflm-Si-Schicht 
(85) und der Ruckserte des erwahnten massiven einkristailinen Si-Substrats angeordneten Bereichs des mas- 
siven einkristaflinen Si-Substrats; 

Verdunnung des durch Entfernung des erwahnten Bereichs des massiven einkristalinen Si-Substrats freige- 
legten Bereichs der Isolationsschicht (83) und 

AuffQIIung des durch die erwahnte Entfernung und die erwahrrte Verdunnung gebildeten HoNraums mrt einem 
im weserrtlichen Ittrtdurchlassigen AiiffuttungsmateriaJ (84) zur Verstarkung. 

Revindications 

1 . Precede de fabrication dun circuit inverseur CMOS & couche mince, comprenant : 

un substrat semiconducteur massif (1) en efficium monocristaJin; 
une couche desolation (2) sur le substrat semiconducteur; 
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une couche mince de Si (4 ft 7, 10, 11. 12. 12', 13, 137 but la couche cfisdation; 
un transistor NMOS a couche mince (16) ayant une source (4, 12) et un drain (5, 15) dans une premiere region 
de monocristal isolee (4. 5. 10. 12, 12*) de la couche mince de Si, une electrode de source (14), une electrode 
de drain (1 5) et une electrode de grille isolee (9); 

un transistor PMOS a couche mince (1 7) ayant une source (7, 13*) et un drain (6, 13) dans une seconde region 
de monocristal isolee (6, 7. 1 1, 13. 13) de la couche mince de Si, une Electrode de source (14). une electrode 
de drain (1 5) et une electrode de griDe isolee (9); 

une electrode d'entree commune connectee a Telectrode de grile du transistor NMOS et a Telectrode de grille 
du transistor PMOS; 

une electrode de sortie commune connects a Telectrode de drain du transistor NMOS et a relectrode de drain 
du transistor PMOS; 

une alimentation de faibie tension, connectee a relectrode de source du transistor NMOS. pour lui appiiquer 
une premiere tension, de Vss volts; et 

une alimentation de tension eievee connectee a Telectrode de source du transistor PMOS pour lui appliquer 
une seconde tension, de V DD volts; dans ieque! 

repaisseur Tqox de (Isolation (2) verifie une relation exprimee par rexpresston : 

Tboo(>(Vdo-V S8 -K 2 )^ 1 

dans taquef la 

K 2 - 2 $ fn + 2 * fp ■ 1 .03 volts, ceox est une constante daectrique de la couche dlsolation de base (2), 
et Q BP sont des charges de substrat lorsque les largeurs des couches de desertion des transistors NMOS et 
PMOS (16. 17) sont maximis6es. et s'expriment en coulombs/crn 2 . et fa* et 4> F p sont des pseudc-potentiete 
de Fermi des transistors NMOS et PMOS (16. 17), exprimee en volts, grace a quoi des transistors MOS para- 
sites, ayant le substrat semiconducteur (1) en tant qu'electrodede grBle commune, la couche dlsolation (2) en 
tant qulsolation de grile, la source (4) et le drain (5) du transistor NMOS (1 6) et la source (7) et le drain (6) du 
transistor PMOS (17), qui sont inherent* dans le circuit ne peuvent pas fenctiormer; 
ce proc6de etant accompli par les operations suivantes : 
on fournit une tranche de semiconducteur massif en siBdum m on ocristaDin; 

on implante des ions doxygene dans ladrte tranche de semiconducteur massif, par irradiation de la surface de 
celle-ci avec des ions d'axygene doublement charges, et on effectue un traitement thermique de recuit pour 
former ainsi la couche dlsolation (2) en SiOz qui s6pare une couche de surface de ladrte tranche, qui doit cons- 
trtuer au moins une parte inferieure de la couche mince de Si (4-7. 1 0. 1 1 , 12. 12*. 13, 13). dune parte res- 
tante de la tranche. c*est-a<iire le substrat semiconducteur massif (1) en s'Bcium monocristaJlia repaisseurde 
la couche dlsolation (2) ainsi formee etant d environ 1 jim; 

on produrt le transistor NMOS a couche mince (16) et le transistor PMOS a couche mince (17) dans et sur des 
premiere et seconde regions de monocristal isolees respectives (4, 5, 10. 12, 12' et 6. 7. 1 1 , 13. 13*) de la cou- 
che mince de Si; 

on connects les grilles respectives (9, 9) a une electrode d'entree commune, et on connects les drains respec- 
trfs (15. 15*) a une electrode de sortie commune; et 

on fournit rafimentation de fable tension et f alimentation de tension elevee et on les connecte aux sources res- 
pectives des transistors NMOS et PMOS. 

Precede de fabrication cfun circuit inverseur CMOS a couche mince, comprenant : 

un substrat semiconducteur massif (1) en silicium monocrist a flin; 

une couche dlsolation (2) sur le substrat semiconducteur; 

une couche mince de Si (4 a 7, 10, 1 1 , 12. 12', 13. 13) sur la couche dlsolation; 

un transistor NMOS a couche mince (16) ayant une source (4, 12) et un drain (5. 15) dans une premiere region 
de rrwnocristal isolee (4, 5, 10. 12, 12) de la couche mince de Si, une electrode de source (14), une electrode 
de drain (15) et une electrode de grille isolee (9); 

un transistor PMOS a couche mince (1 7) ayant une source (7. 13? et un drain (6, 1 3) dans une seconde region 
de monocristaJ isolee (6. 7, 1 1, 13, 13") de la couche mince de Si, une electrode de source (14*), une Electrode 
de drain (15 1 ) et une electrode de griDe isolee (9); 
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une electrode d'entree commune connects a Wectrxxte de grille du transistor NMOS et a relectrode de grilt 
du transistor PMOS; 

une electrode de sortie commune connects a relectrode de drain du transistor NMOS et a relectrode de drain 
du transistor PMOS; 

une alimentation de faible tension, connectee a r electrode de source du transistor NMOS. pour lis apptiquer 
une premiere tension, de Vss volts; * 

une alimentation de tension eJevee connectee a relectrode de source du transistor PMOS pour tul appliquer 
une seconde tension, de V 00 volts; dans lequel 

r^paisseur Tbqx de Insolation (2) verifie une relation exprimee per r expression : 

Tbcdc>(V D d-V 8 6-K 2 )/K 1 

dans taquelle 

K 2 « 2+^ + 2+^ - 1,03 volts, ebqx est une constants delectrique de la couche desolation de base (2). Qbn 
et Qbp sont des charges de substrat torsque lee laigeurs dee couches de desertion des transistoni NMOS et 
PMOS (16. 17) sont maximtsee6, et s'expriment en coukxnbs/cm 2 , et fa et fa sont des pseudchpotenbete 
de Fermi des transistors NMOS et PMOS (16, 17), exprimes en volts, grace a quoi des transistors MOS para- 
sites, ayarrt le substrat serruconducteur (1) en tart qu*6lectrode de grfllecommune, la couche dlsotetion (2) en 
tant qulsolation de grille, la source (4) et ie drain (5) du trarwstorNMOS(l6) etlasource(7)etle<kah 
transistor PMOS (1 7), qui sont inter ents dans le circuit ne peuvent pas fonctionner; 
ce precede etant accompli paries operations suivantes: 
on tournrt une tranche de semiconducteur massif en sificium monocristailin; 

on impiante des ions rfoxygene dans lacfite tranche de semiconducteur massif, par irradiation de la surface de 
celle-d avec des ions d'oxygene pour trots expositions effectuees a trois energies dlmptarttation drfterentes, et 
on effectue un recuit par traitement thermique, pour former ainsi la oouche dlsotetion (2) en S4O2 qui separe 
une couche de surface de tadrte tranche, qui doit conetrtuer au moms une parte inf erieure de la couche mince 
deSi (4-7. 10. 11. 12, 12', 13. 13"). d'une parte restantede la tranche, c'est-a-dire ie substrat semiconducteur 
massif (1) en 6flicium rronocristaHin, I'epaisseur de la oouche dlsolatkn (2) ainsi farmee etant d'environ 1,3 
um; 

on produit le transistor NMOS a oouche mince (1 6) et le transistor PMOS a couche mince (1 7) dans et sur des 
premiere et seconde regions de rrtonocnstal isolees respectrves (4, 5, 10, 12, 12* et 6, 7, 1 1 , 13, 13) de la cou- 
che mince de Si; 

on connects les grilles respectives (9, 9) a une electrode cf entree commune, et on comecte lee drains respec- 
tifs (15, 151 a une electrode de sortie commune; et 

on tournit raitmentatton de table tension et ral imentation de tension eJevee et on les connecte aux sources res- 
pectives des transistors NMOS et PMOS. 

Precede pour produire le substrat a matrice active (81 -85) d'un disposftif de visualisation a chstal UqUde ayarrt a la 
tots une parte de circuit d'attaque peripherique (71) et une parte de visualisation a matrice active (72), ce procede 
comprenant r ex teuton du procede consistant a produire un circuit inverse ur CMOS a couche mince selon rune 
quelconque des revendications 1 ou 2, les transistors NMOS et PMOS a couche mince du circuit inverseur CMOS 
a oouche rrince se trouvarrt a la peripherie du substrat SOI forme par le sub6trat serrioonducteur massrf en silicium 
monocristailin, la couche cf isolation et la couche mince de Si, et qui constitue un element d'une parte de circuit 
d'attaque peripherique (71) du substrat a matrice active du cfispositrf de visualisation a chstal fiquide, et compre- 
nant egaJement les etapes suivantes : 

on produit la parte de visualisation a matrice active dans et sur la couche rrince de Si, cette parte ayarrt des 
elements de commutation de pixel PMOS. on enJeve la parte du substrat massrf en Si monocristailin qui est 
disposes entre la parte de visualisation a matrice active (72) de la couche mince de Si (85), et la surface 
arriere du substrat massif en Si monocnstaJlin. on arrincit la parte de la couche dlsolation (83-82) qui est rntse 
a nu par renlevement de ladite parte du substrat massif en Si monocristailin, et on rempirt le vide forme par 
I' enlevement et I'amindssement avec une matiere de rempitssage (84) praliquement transparente, pour le 
renforcement 
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FIG. 1(a) 
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FIG. 1(b) 
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FIG. 2 



INPUT/OUTPUT CHARACTERISTICS 
OF CMOS INVERTER 



t 



out 



Vdd 



Vss 



N 









Vss 



Vdd 



Vi 



in 



16 



EP0554 063B1 



FIG. 3 



FILM THICKNESS-THRESHOLD VALUE 
CHARACTERISTICS OF PARASITIC NMOS 
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FIG. 4 



FILM - THICKNESS - THRESHOLD VALUE 
CHARACTERISTICS OF PARASITIC PMOS 
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FIG. 5 



PARASITIC CMOS SHUT - OFF 
CURRENT / VOLTAGE MARGIN 




a : ALLOWABLE CURRENT 1 ?A 
b : ALLOWABLE CURRENT 10 >iA 
c : ALLOWABLE CURRENT 100 pA 
d : ALLOWABLE CURRENT 1pA 
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FIG. 6(a) 
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FIG. 7(a) 
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FIG. 8 
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FIG. 9 
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